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STUDIES ON THE FORMATION 
OF GAS IN MILK 
BY B. W . HAMMER 
AGRICULTURAL EXPERIMENT STATION 
IOWA STATE COLLEGE OF AGRICULTURE 
AND MECHANIC ARTS 
DAIRY SECTION 
AMES, IOWA 

STUDIES OF THE FORMATION OF 
GAS IN MILK 
By B. W. Hammer. 
The gassy fermentation of milk has recently been observed 
a number of times in the Iowa State College creamery, particu-
larly in the milk set for the manufacture of various types of 
soft cheese. The isolation and study of the causal organism or 
organisms was undertaken in several cases and the results ob-
tained, together with a brief statement of the cases investigated, 
are herein presented. 
HISTORICAL. 
The gassy fermentation is one of the more common abnormal 
fermentations met in the field of dairying. It has been reported 
as occurring in milk, in various types of cheese, in starters, in 
whey, in butter, in various milk drinks and in canned milk. The 
fermentation has been studied by many different investigators 
under widely varying conditions and a number of organisms 
have been reported as standing in causal relationship to it. 
The literature on gassy fermentation has been dealt with a 
number of times by American investigators* and since there is 
no relationship between much of it and the work herein reported, 
only a few of the papers having points of interest from the pres-
ent standpoint will be mentioned. 
Undoubtedly the greatest loss as a result of the gassy fermen-
tation occurs in cheese. A number of the experiment stations1 of 
the United States located in sections producing large amounts of 
cheese have studied the question of gas production in this product 
and the means of overcoming it, as well as the sources of the 
of the responsible organisms. The general method suggested 
for overcoming the gassy fermentation is by the use of starters 
containing Bact lactis acidi. Doane and Eldredge/ however, 
found that the ordinary lactic acid cultures were not successful 
in preventing gas formation in Swiss cheese while B. bulgaricus 
was. 
• Russell; Hastings; Marshall; Moore & Ward. 
1. Russell, H . L. Gas-Producing Bacteria and the Relation of the same to Cheese, 
12th Ann. Rpt.. Wisc. Agr. Exp't. Sta., 139-150. 1895. 
Hastings, E. G. Lactose Fermenting Yeasts, the Cause of an Abnormal Fer-
mentation in Swiss Cheese. 22nd Ann. Rpt. Wisc. Agr. Exp't. Sta., 207-
221. 1905. 
Marshall, C. E. Gassy Curd and Cheese. Bull. Mich. Agr. Exp't Sta. 183. Je 1900. 
Moore, V. S. and Ward, A. R. An Inquiry Concerning the Sources of Gas 
and Taint Producing Bacteria in Cheese Curd. Bull. Cornell Agr. Exp't. 
Sta. 158. Ja 1899. 
2. The Use of Bacillus Bulgaricus in Starters for Making Swiss or Emmenthal 
Cheese. Bull. U. S. Dept. Agr. 148. Mr 1915. 
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The statement is commonly made that the gas forming organ-
isms belong to the coli-aerogenes group; Harrison3 made a com-
parative study of 66 varieties of gas producing organisms isolated 
from milk and found typical B. coli and Bact. lac tis aerogenes 
with" every imaginable modification in varieties which may be 
sai9- to link the extremes together." 
VASE RECORDS 
Case 1. 
The first case studied occurred in raw milk, set for cottage 
cheese by the addition of 0.25% starter and 1 1/ 3 c. c. of rennet 
per 100 pounds of milk. After standing over night 
the curd was found projecting about three inches above the edge 
of the vat; it was so filled with gas holes that it had a spongy feel 
and below the curd there was a large amount of expressed whey. 
Agar plates poured from both the curd and the whey gave in 
addition to numerous colonies of Bact. lac tis acidi, many large 
colonies that were apparently of one type. When inoculated into 
test tubes containing milk, these large colonies gave a vigorous 
gas production, but the curd did not in the least suggest the 
original, no matter what temperature was used; although the 
organism curdled milk, the period of most vigorous gas pro-
duction seemed to precede the curdling and, as a result, the curd 
contained but few gas holes and these were so irregular in shape 
that it was evident the gas had not been held firmly. In order 
to attempt to secure curdling while the vigorous liberation of 
gas was still in progress, double inoculations of the gas former 
and Bact. lac tis acidi were undertaken. With this combination, 
curds much more nearly resembling the original were secured in 
the test tubes and when bottles of milk that had been held in 
boiling water for several hours were used, typical gassy curds 
were secured. Figs. 1 and 2 illustrate the types of curd secured 
in two of a considerable number of trials that were made. 
Varying amounts of the two organisms were used and within 
certain limits there seemEd to be but little difference in the 
results obtained. Although in certain instances the gas present 
in the curd was somewhat reduced in amount, smaller relative 
amounts of the gas former gave satisfactory results so the pro-
portion of the two organisms cannot be considered responsible 
for the small amount of gas. If excessively large amounts of 
Bact. lactis acridi were added, however, or if old cultures of the 
gas former were used, atypical gassy curds were secured. 
3. A Comparative Study of Sixty-six Varieties of Gas Producing Bacteria Found 
in Milk. 
Centbl. f. Bakt. Abt. II 14; 359-374. 1905. 
Also Centbl. f. Bakt. Abt. II 14; 172-479 1905. 
Fig. i-Gassy curds secured in inoculation experiments. 
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Fig. 2·-Gassy curds secured in inoculation experiments. 
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Cases 2 and 3. 
Gas formation occurred in each of two vats of raw milk set 
with 0.25 % starter and rennet (1 1/3 c. c. per 100 pounds of 
milk) . In these cases the 'Curd was not so full of gas as in 
case 1, but would still be considered as extremely gassy. In 
both cases a gas former was readily isolated from plates but 
pure cultures did not give a curd that at all resembled the 
original, although gas formation was very vigorous. By inoculat-
ing Bact. lac tis acidi at the same time as the gas former, floating 
curds filled with gas holes, were quite constantly secured in 
bottles of heated milk. 
Case 4. 
One of the starters that was being carried became quite gassy; 
plates poured from it showed many large colonies of apparently 
one type, in addition to colonies of Bact. lactis acidi. When the 
large colonies were inoculated into milk, there was a vigorous 
evolution of gas but no typical gassy curd was observed. By in-
oculating Bact. lactis acidi at the same time as the gas former, 
however, entirely different results were secured and typical gassy 
curds were the usual outcome. 
The similarity of the results obtained with the gas formers 
from the different sources makes it seem advisable to discuss them 
together from this point. 
THE ACTION OF THE GAS FORMERS ON MILK 
THE FORMATION OF GAS. 
'rhe percentage of gas formed in fermentation tubes filled with 
milk and held at 37 ' C. was very near 100 % with each of the 01'-
TABLE 1. GAS FORMATION IN MILK BY THE GAS FORMERS 
ISOLATED. 
Organism 
IX' 
2X 
2Y 
2Z 
3X 
3Y 
3Z 
4X 
4Y 
4Z 
(37 0 C. and Room Temperature.) 
I % gas 1 day I % gas 2 days l % g as 3 daysl % gas 5 days I % gas 9 days 
1370 c.1 Room :1 370 c. /Room 1370 c·1 Room :1370 c·1 Room:1370 c·1 Room 
I 
37 
\ 
~·· I 95 0 
I 
95 
I 
0 95 I 30 I .. 
I 
95 
8 68 t 99 5 99 15 
/ 
.. 40 
10 t 78 t 98 8 100 25 .. 65 
10 t 8~ t 98 4 100 13 .. 53 
20 I 0 95 0 100 0 100 5 .. 25 18 0 95 0 100 
I 
0 99 6 
" 
25 
13 0 87 0 99 0 100 15 .. 58 
32 0 97 0 98 15 98 75 .. 93 
33 t 95 10 95 23 95 63 .. 95 
40 1 0 98 4 99 18 95 78 .. 90 
• The figures correspond with the case numbers while the letters represent 
different isolations . 
•• t. trace, 
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ganisms isolated and in general at this temperature, the rate of 
formation was quite rapid, 95% or more being generally produced 
in two days. At room temperature, gas formation took place 
much more slowly and in a number of instances gas formation 
was not evident even after three days. The organisms from 
cases 1 and 4 commonly produced over 90 % of gas at this temp-
erature if sufficient time was allowed, but the amounts of gas 
produced by organisms from cases 2 and 3 did not ordinarily 
reach even 70% and in some instances were under 30%. Table I 
presents a comparison of the amount of gas formed and the rate 
of formation at 37° C. and at room temperature. 
THE CURDLING OF MILK. 
The time re<1uired at both 37° C. and room temperature for 
the curdling of milk inoculated with the different organisms is 
shown in table II. From the data presented, it will be seen that 
curdling took place rapidly at 37° C., but that at room tempera-
ture curdling was considerably delayed and in certain cases 
was not evident even after 9 days. The total acid (calculated 
TABLE II. COAGULATION OF MILK BY THE GAS FORMERS 
ISOLATED. 
1 day 
~:E- 1 370C. 1 room \ 
- - .light 
IX 
2X 
2Y 
2Z 
co. 
o : I 
o 
3X 0 0 
3Y 0 0 
3Z 0 0 
. light 
4X co. 0 
.light 
4Y co. 0 
.light 
4Z co. 0 
(37° C. and Room Temperature.) 
day 1 3 da-y--'I---o5-'dc-a -y -'I -9;O-;d-ay--
37"0. I room I 37"C. 1=I~r=r~1 room 
co. few I gas holes 0 
o 
slight 
co 0 
o 
o 
o 
o 
o 
o 
o 
o 
o 
TABLE III. ACIDITY (CALCULATED AS LACTIC ACID) IN MILK 
HELD ONE WEEK AT 37° C. AFTER INOCULATION WITH 
THE GAS FORMERS ISOLA TED. . 
OrganIsm .. .... 1 IX 1 2X 1 2Y 1 2Z 1 3X 1 3Y I 3Z 1 4X 1 4Y 1 4Z 
% Acidity ..... ·1 .71 1 .641 .641 .58 1 .61 1 .56 1 .59 I .72 I .79 I .68 
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as lactic) present in cultures held one week at 37° C. is shown 
in table III. 
From the data presented, it is apparent that the organisms 
isolated from cases 1 and 4 produced somewhat larger amounts 
of acid, in milk held for one week at 37° C., than the organisms 
isolated from cases 2 and 3. 
TYPE OF CURD. 
Table II also shows that at 37° C. milk cultures of all of the 
organisms coagulated in a short time, but that at room tem-
perature, coagulation was delayed or entirely prevented. 
The curds developed by pure cultures commonly showed but 
few gas holes, and in certain cases none at all, so that gas for-
mation could not have been determined by the appearance of 
the curd alone. The curds without gas holes were particularly 
apt to be formed at room temperature where coagulation took 
place slowly. In no case did the number of gas holes approxi-
mate the number in the material from which the organisms 
were isolated. 'l'he period of rapid gas production seemed to 
precede tht development of considerable amounts of acid and 
the lack of firmness in the curd formed, tended to allow the 
pscape of the gas thru the curdled milk. In certain instances, 
the curd showed streaks thru it as a result of the rising of gas 
bUllbles thru the soft curd. 
ACTION OF BACT. LACTIS ACIDI ON GAS FORMERS 
INFLUENCE ON THE AMOUNT OF GAS. 
The development of acid by Bact. lac tis acidi is widely ad-
vocated as a means of preventing or limiting the development 
of gas formers in cheese. In a number of instances the data 
secured relative to the comparative amount of gas produced 
by the gas formers alone and the gas formers in combination 
with Bact. lactis acidi show that the total per cent of gas pro· 
duced in fermentation tubes was less in the presence of the 
increased amount of acid. This is shown in table IV which 
presents data obtained at 37° C.; some of the data obtained 
at room temperature and not included here illustrate the same 
point. 
In certain instances, however, approximately as large 
amounts of gas were obtained with the double inoculations as 
with inoculations of the gas formers alone. Examples of this 
condition are given in table V, the data being obtained ;1t 37° C. 
At room temperature, B act. lactis acidi in combination with 
the gas formers always gave a smaller amount of gas than the 
gas former alone. This was undol1btedly due to the less rapid 
growth of the gas formers at this temperature which made 
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impossible the production of gas before the acidity produced 
by Bact. lactis acidi had developed to a point which was in-
hibitory to the gas formers. 
From the results obtained, it appears that the action of Bact. 
lactis acidi on the amount of gas formed is variable; in some 
instances less gas and in some more gas was formed when 
Bact. lactis acidi was inoculated with the gas formers than 
when the gas form'll' was inoculated alone. 
TABLE IV. ILLUSTRATING DECREASED GAS PRODUCTION BY 
THE GAS FORMERS IN THE PRESENCE OF BACT. LACTIS ACIDI: 
Inoculation I Gas after I 12 hours I 
2X alone ...................... 1 ••••••.••••• , 
2X+1 cc Bla· ...........•...... r ........... . 
2X+.5 cc Bla .....•........................ 
2X+.1 cc Bla ....................•......... 
2Y alone .......... . .... .. ...... t"'* 
2Y +.5 cc Bla................... t 
2Y +.1 cc BIn.................. t 
4Y alone ...................... 0 
4Y+1 cc Bla ................ ' " 20 
4Y+.1 cc Bla........... . .... ... t 
·BIa-Bact. lac tis acidi suspension. 
·*t-trace. 
Gas after I Gas after I 
24 hours 1 36 hours 
40 ........... . 
20 ........... . 
35 .... ....... . 
60 .•.......... 
24 50 
18 20 
35 40 
30 100 
60 80 
50 90 
Gas after 
48 hours 
99 
20 
32 
60 
95 
20 
40 
TABLE V. ILLUSTRATING A LARGE GAS PRODUCTION BY THE 
GAS FORMERS IN THE PRESENCE OF BACT. LA CTIS ACIDI. 
Gas after I 
12 hours I 
2Y alone ..................... . 
2Y+.5 cc Bla· ............. .... . 
2Y+.1 cc .................... . 
4Y alone ..................... . 
4Y +.5 cc Bla .................. . 
4Y +.1 cc Bla ..... ............. . 
"'BIa-Bact. lac tis acidi suspension. 
"'*t-trace. 
o 
20 
o 
o 
t" 
t 
Gas after I 
24 hours I 
15 
85 
13 
30 
35 
50 
Gas after I 
36 hours 
50 
95 
80 
100 
95 
90 
INFLUENCE ON THE TYPE OF CURD. 
Gas after 
48 hours 
95 
90 
98 
90 
95 
90 
Und·~J' each case, the influence of Bact. lac tis acidi on the 
type of curd has been mentioned and attention has been called 
to figs. 1 and 2 as illustrating this influence. These figures 
show no visible change in the bottles inoculated with the gas 
formers alone; gas formation had taken place, but the gas had 
not been held in the absence of the coagulation of the casein. 
In bottles inoculated with the gas formers alone, there was in 
certain instances where the bottles had been held for long 
periods, a small amount of gas retained in the curd that formed 
late in the period of holding. 
The greatest development of gas holes secured by the inocu-
lation of a gas former alone is illustrated in fig. 3 which also 
ilbrltrates, for comparison, the development of gas in a bottle 
inoculated with the same organisms together with Bact. lac tis 
acidi. 
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Fig. 3- Illustrating the greatest development of gas holes secured with a gas former 
alone, ana lor comparison the type of curd secured with double inoculations. 
As previously stated, the period of most active gas produc-
tion apparently precedes the coagulation, when the gas former 
is present alone. A firm curd tends to bring about the retention 
of a considerable percentage of the gas and this firm curd can 
be quite easily secured by the inoculation of Bact. lac tis acidi. 
Altho the presence of Bact. lactis acidi decreases the total 
amount of gas formed ill many instances, the curd produced 
as a result of the acid development tends to hold the gas that 
is developed and consequently an extremely gassy curd is 
formed. 
The principle is much the same as that operating in the curd 
tests where rennet is used to cause the coagulation and the 
development of gas is observed in t.he compact curd. In the 
preparation of start.ers where rapid coagulation occurs, the 
conditions are very favorable for making the development of 
gas evident. It seems reasonable to suppose that compara-
tively small numbers of gas formers can result in the presence 
of gas bubbles in starters because much of the gas is retained ; 
this idea is supported by the fact that in many instances gas 
formers can be quite readily worked out of a starter. In plates 
poured from cases of gassy curds other than those described, 
Bact. lactis acidi was present in much greatel' numbers than 
the gas formers. 
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AOTION OF BACT. LACTIS ACIDI FROM VARIOUS 
SOURCES 
In the first attempts with double inoculations, cultures of 
Bact. lactis acidi from the same sources as the gas formers 
were used. Trials were then made with cultures of Bact. lactis 
acidi from a number of other sources and it was found that 
all those used gave, in combination with a gas former, ex-
tremely gassy curds. This is additional evidence that the 
action of Bact. laclis acidi in these gassy curds is simply to 
develop acid which results in the coagulation of the casein, 
the curd then holding a considerable amount of the gas pro-
duced by the gas former. An organism has been isolated in 
this laboratory which produced a ropiness when grown in milk 
in combination with certain strains of Bact. lac tis acidi, altho 
when grown alone in litmus milk it produced no visible change 
during several days; with other strains of Bact. lac tis acidi 
however ropiness was not produced. It is evident that in a 
combination, where only certain strains of Bact. lactis acidi 
are effective, that this organism must playa different role than 
in the formation of gassy curds when grown in combination 
with gas producing organisms, where any strain of Bact. lactis 
acidi seems to be effective. 
ACTION OF VARIOUS COLI-AERO GENES ORGANISMS 
IN DOUBLE INOCULATIONS 
A number of organisms of the coli-aero genes group that had 
been comparatively recently isolated ,were ~noculated into 
milk and for comparison double inoculations of the~ organ-
isms and Bact-i. lactis acidi were carried out. In general the 
curds resulting from the double inoculations showed little re-
semblance to the gassy curds secured with the gas formers 
isolated from the cases described. In a few intances a floating 
('urd was secured, but the number and size of the gas holes 
did not approximate the number and size of those secured with 
the organisms isolated from the gassy curds. The organisms 
TABLE VI-ACIDITY PRODUCED IN MILK BY THl!] GAS FORMERS 
SOON AFTER ISOLATION AND AGAIN AFTER CARRYING 
THE CULTURES ABOVE 8 MONTHS 
Culture . __ . __ . " I IX 1 2X 1 2Y 1 2Z 1 3X 1 3Y 1 3Z 1 4X 1 4Y 1 4Z 
Acidity soon afterl I I 1 1 \ I I I I isolation, _ , ' , , _ ,71 ,64 ,64 \ ,58 I -61 ,56  ,59 . 72 ,79 
Acidity after car-I 
rying cultures I 
about 8 mo, __ , ,51 . 51 ,.:..:,5:..::1--,1--'.,..:..:46,--,--1 --"c:.5.:...4 -,-1--,-,,5c:.4 --'.1--,-.4~9-,--_~ ..:...55,-,--,-,4_4-,--,-,5,-,--O 
.68 . 
Incubation- l week at 37° C. 
Acidity calculated as lactic acid. 
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when inoculated alone did not produce gassy curds altho it 
was evident that gas was being produced in milk. 
ACTION OF THE ISOLATED ORGANISMS AFTER CON-
TINUED TRANSFERRING 
After carrying the organisms isolated from the gassy curds 
in milk for about 8 months, double inoculations were again 
carried out in an attempt to produce the gassy curds. In gen-
eral the results were negative and no floating curds were se-
eured, altho curds with a few gas holes were observed. Table 
VI shows that the organisms after repeated transferring were 
not able to produce such large amounts of acid as when they 
were first isolated. It seems reasonable to suppose that thIs 
decreased acid tolerance is in part at least responsible for the 
failure to secure extremely gassy curds, the acid developpd 
preventing the growth of the organisms soon after coagulatHln 
takes place and thus decreasing materially the amount of gas 
produced in the coagulum. Tests showed that the organisms 
were still producing large quantities of gas in milk as well Jts 
in bouillons containing various fermentable materials. H. is 
also probable that the inability to grow in the presence ,)f 
fairly large amounts of acid (amounts large enough to caU!le 
a firm coagulation of the casein) is responsible for the faiiure 
to secure extremely gassy curds with certain of the coli-aet-o-
genes forms tried; it is at least certain that these urganisms 
in the absence of a coagulation of the casein produced large 
amounts of gas in milk. 
DESCRIPTION. 
Cultures from the various sources were studied morpholog-
ically, culturally and bio-chemically, the results obtained being 
as follows: The organisms isolated from cases 1 and 4 are 
apparently the same as are also those from cases 2 and 3, while 
in a number of characteristics the organisms from the 4 sources 
are alike; accordingly the descriptions of the 4 are presented 
together in order to avoid repetition. 
MORPHOLOGY. 
Form. All 4 of the organisms were rod-shaped. 
Size. 24 hour agar cultures of the 'organisms trom Cases 1 and 4 
showed individual cells the most of which were from 1.3 to 1.7!, 
in length and from 0.5 to 0.6,u. in width, while the organisms from 
cases 2 and 3 showed individuals, the most of which were from 
1.5 to 2.2,u. in length and from 0.4 to 0.5,u. in width. Twenty-four 
hour milk cultures of all of the types showed slightly larger organ-
isms. Older cultures, both agar and milk, showed organisms some-
what smaller than the young cultures. 
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Arrangement. Cultures of all of the organisms showed many isolated 
cells altho pairs were common and chains 'Of 3 or 4 cells were oc-
casionally seen. 
Motility. Hanging drop preparations were made on 24 and 48 hour 
bouillon cultures. The organisms from Cases 1 and 4 were non-
motile; while these from Cases 2 and 3 showed an active motility. 
Staining Reactions. All of the organisms stained readily with the 
ordinary stains, altho sometimes somewhat irregularly. The Gram 
stain was negative, Bact. lactis acidi serving as a positive control. 
Spore Formation .. None of the stained preparations suggested spore 
formation and both young and old cultures failed to resist 80°C. 
for 10 minutes. 
CULTURAL CHARACTERISTICS. 
Agar Streak. All young cultures showed a heavy, white shiny growth 
that spread rapidly over the surface of the slope; there was a 
heavy turbidity in the water of condensation and a slight tendency 
to pellicle formation. Older cultures were dirty white in all cases. 
Young agar cultures from Cases 1 and 4 showed a slight sliminess 
which increased somewhat with age. 
Agar Stab. Young stab cultures gave a growth along the whole line 
of the puncture with a heavy white shiny surface growth which 
was slimy in the cultures coming from Cases 1 and 4. In older 
cultures, the surface growth was a dirty white. 
Agar Plate Oolonies. Agar plate colonies were evident after 24 hours 
at room temperature; they were white by reflected light, brown by 
transmitted light and had an entire edge. The mature surface col-
onies were often several millimeters in diameter, while the sub-
surface colonies were much smaller; colonies betwen the agar and 
the glass were also very large. The organisms from Cases 1 and 
4 produced slightly larger colonies than those from Cases 2 and 
3 and were somewhat slimy. 
Gelatin stab. All the cultures gave a growth along the line of inocu-
lation with a white shiny spreading surface growth after 24 hours 
at room temperature. In older cultures, the growth was heavier 
and the surface growth dirty white in color. The surface growth 
was somewhat viscous in the cultures coming from Cases 1 and 4 
There was no liquefaction of the gelatine even after 2 weeks. 
Bouillons. Plain bouillon and bouillons to which additions had been 
made all showed a turbidity and later a sediment; commonly there 
was a ring at the surface next to the glass. Growth was heavier 
in bouillons containing additions fermentable by the organisms 
(see bio-chemical features) than in plain bouillon or in bouillons 
containing additions that were non-fermentable by the organisms. 
In old cultures, where growth had apparently ceased, the turbidity 
had largely cleared up and there was a heavy sediment. 
Potato. The growth on potato slopes was heavy, white and some-
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what shiny after 24 hours at room temperature. In older cul-
tures, the growth was darker in color and very spreading. Both 
the young and old cultures from Cases 1 and 4 were slimy while 
thos'e from Cases 2 and 3 were not. 
Dunham's SoXution. All the cultures showed a slight turbidity after 
24 hours at room temperature. This increased as the cultures stood 
and after 4 days there was a slight sediment present which in-
creased as the cultures aged. 
Uschinsky's Solution. After 24 hours at room temperature all the 
organisms showed a slight turbidity. In older cultures the growth 
was increased in amount, altho the organisms from Cases 1 and 4 
gave somewhat less growth than th'Ose from Cases 2 and 3. After 
four days all the cultures showed a slight sediment and this in-
creased on standing. Still later there was a darkening of the 
medium' which eventually became quite brown. 
Milk. The action of the organisms on milk has already been dis-
cussed, but the question of ropiness in milk should be mentioned. 
The organisms from Ca:ses 1 and 4 produced a slight ropiness in 
milk after 24 hours at room temperature; this ropiness increased 
somewhat but eventually disappeared, presumably with the increa'Je 
in acidity. 
Litmus Milk. Litmus milk was turned red and later the milk was 
curdled and somewhat reduced. The organisms from Cases 1 and 
4 produced a ropiness in litmus milk as in plain milk. 
BIO-CHIDMICAL FEATURES. 
Gas Production. All of the organisms produced gas in bouillons COll' 
taining dextrose, galactose, levulose, lactose, maltose, sucrose, man-
nit, salicin and raffinose altho in salicin the gas production was 
noticeably slower with the organisms from Cases 2 and 3 than with 
those from Cases 1 and 4. Gas was produced from glycerine and 
dulcite by the organisms from Cases 1 and 4 but not from Cases 
2 and 3. None of the organisms produced gas from inulin. 
Oxygen Relation. Growth occurred in the closed arm of fermenta-
tion tUDes filled with bouillons containing dextrose, sucrose, or lac-
tose, but failed to occur in the closed arm of fermentation tubes 
filled with plain bouillon. 
Indol Production. All of the organisms produced indol in a short 
time at room temperature. 
Reaction Ohange. The production of acid in milk has already been 
discussed. In bouillons containing various additions, the develop-
ment of acid followed exactly the production of gas as outlined 
above in the discussion of gas formation. The changes in re-
action produced by the different organisms in the various bouillons 
is shown in table VII where the results are expressed as the % of 
normal acid. In making the titrations the bouillons were diluted 
with water in order to make the end point more readily detected. 
15 
On the basis of the data obtained on each of the organisms isolated 
these can be divided into two groups. The organisms from Cases 1 and 
4 are undoubtedly the same and evidently should be classed as B. com-
munior while the organisms from Cases 2 and 3, which are also the 
same, are evidently B. aerogenes. 
TABLE VII. REACTION CHANGES PRODUCED IN VARIOUS BOU-
ILLONS BY THE GAS FORMING ORGANISMS ISOLATED. 
Results in Percentage of Normal Acid. 
Sterile \ IX I 2X I 2Y I 2Z I 3X I 3Y I 3Z I 4X II 4Y \ 4Z 
Bouillon I I I I I I I ,
-Glycerine .3 2 . 4 .4 .6 . 5 .6 .5 . 6 2.1 2.2 2.1 
Dextrose .3 2.7 3.1 3.6 3.3 3.7 3 . 5 4.0 2.6 3.1 2 . 8 
Galactose . 3 2.5 2 . 6 3.1 3.0 3 . 1 3 . 4 3.1 3.0 2 . 6 2.6 
Levulose .3 2 . 9 3.2 3.3 R. 4 3.1 3 .1 2.4 2.8 3 . 4 3 . 2 
Lactose .3 2.2 2 . 2 3 . 3 3.2 3 . 1 3 . 4 3 . 1 2.8 2.2 2 . 2 
Maltose . 3 2.1 2 . 0 2 . 5 3 . 1 2 . 2 2 . 8 2.1 2.2 2.1 2.2 
Sucrose .2 2.0 2.6 3. 5 3 .4 3.6 3.5 2.1 2 . 5 3 . 2 
Mannit . 2 2.3 2.3 2.3 2.2 2 . 5 2.6 2.6 2.2 2.4 2 . 4 
Dulcite I .3 2 . 6 . 3 t6 \ a a a a 2.0 2.0 1.7 Salicin . 3 I 2.6 1.8 1.8 1.7 1.6 1.4 2.7 2. 7 2.7 Raffinose I . 3 I 2.0 I 3 . 0 3.2 3 .3 I 2.8 3.0 2.1 3.0 1.9 2.0 Inulin .3 a* a a I .3 I a I a I a .2 a a 
-a- alkaline. 
SUMMARY 
Gas forming organisms were isolated from several cases of 
gassy curds and their action on milk both alone and in combi-
nation with Bact. lac tis acidi was studied. The curds secured 
with the gas formers alone, did not resemble the original curd, 
since but a small amount of gas was held in the curd, while 
(louble inoculations gave extremely gassy curds. It is probable 
that the gassy curds occur with the double inoculations because 
a firm curd which will retain the gas r esults from the acid 
produced by Bact. lactis acidi while the gas formation is still 
in progress. On continued transferring the gas formers lost 
their ability to produce extremely gassy curds when grown 
in combination with Bact. lactis acidi and this was accompanied 
by a decreased acid production in inoculated milk held at 37° 
C. for one week. It seems likely that the decreased acid toler-
ance is responsible for ihe failure to produce extremely gassy 
curds. Other cultures of gas formers grown in combination 
with Bact . lactis acidi failed to produce extremely gassy curds, 
probably because of their failure to grow in the presence of 
acid. Cultures of Bacti. lactis acidi from different sources 
seE'med to be equally effective in the production of gassy curds 
when grown with the gas formers isolated. 
Bact. actis acidi influenced the total amount of gas produced 
by the gas former, sometimes increasing it and sometimes de-
creasing it at 37° C. and always decreasing it at room tempera-
16 
ture. Bact. lac tis acidi influenced the type of curd formed 
very materially because of the part it played in causing a reten-
tion of the gas. 
The gas forming organisms from the four cases described 
were not all the same. B. commnnior (Durham) and B. am·o-
genes (Escherich ) were the two types encountered .. 
